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Description 

FLASH MEMORY CELL STRUCTURE AND 
OPERATING METHOD THEREOF 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile memory 
cell structure, and more particularly, to a flash memory 
cell structure and an operating method thereof. 

[0003] 2. Description of the Prior Art 

[0004] Refer to Fig.l. A prior art flash memory cell structure 1 

includes a substrate 10, a drain 11, a source 12, two field 
oxidation layers 13, a control gate 14, a floating gate 15, 
and a P well 16. The drain 11 and the source 12 are 
formed in the substrate 10 and between the field oxida- 
tion layers 13. A stacked gate, which includes the control 
gate 14 and the floating gate 15, is between the drain 11 
and the source 12. Further, the P well 16 is implanted 
around the drain 11 and the source 12. As shown in Fig.l, 



a gate voltage V is applied to the control gate 14 for con- 

G 

trolling the flash memory cell structure 1, and the floating 
gate 15 is floating. When the programming process is ex- 
ecuted, the gate voltage V is 9V, the drain voltage V ap- 
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plied to the drain 11 is 6V, the source voltage V $ is float- 
ing, and the base voltage V applied to the substrate 10 is 

B 

0V. In this case, electrons (e~) located in the floating gate 
15 will be emittedto the drain 11 due to edge Fowler- 
Nordheim effect, such that the flash memory cell structure 
1 is programmed. When the drain voltage V d is applied to 
the drain 11, however, a depletion region will be formed 
outside the drain 11 and therefore hot holes (e + ) will be 
generated. In that case, the lateral electric field will result 
in hot hole injection, and will seriously affect normal op- 
eration of the flash memory cell structure 1. 
[0005] | n V j ew of the above-mentioned shortcomings, the prior 
art provides an improved flash memory cell structure and 
operating method thereof. Refer to Fig. 2, the drain 11 and 
the P well 16 are electrically short-circuited together and 
are applied with an identical voltage, such as 6V. In that 
case, the flash memory cell structure operates under the 
channel Fowler-Nordheim effect, and thus the depletion 
region will not be generated in the junction between the 



drain 11 and the P well 16, and neither will be the hot 
holes. 

[0006] Although employing the channel Fowler-Nordheim effect 
in the foregoing flash memory cell structure can overcome 
drawbacks, this may result in other problems. Though the 
drain 11 and the P well 16 are electrically short-circuited 
together, the P well 16, however, extends into the sub- 
strate 10 Therefore the neighboring source 12 could be 
influenced, and further the operation of adjacent flash 
memory cell structures could be affected. 

[0007] t 0 avoid the adjacent source being affected because of 

the electrical connection of the drain 11 and the P well 16, 
another flash memory cell structure 2 is disclosed in US 
patent #6,091,644. As shown in Fig. 3, the flash memory 
cell structure 2 includes a substrate 20, a first-type doped 
region 25, a shallow second-type doped region 26, a deep 
second-type doped region 27, and a doped source region 
28. The substrate 25 includes a field oxidation layer 21 
and a stacked gate. The field oxidation layer 21 has a 
channel stop 22 below. The stacked gate includes a con- 
trol gate 23 and a floating gate 24. In the flash memory 
cell structure 2, the first-type doped region 25 is a drain, 
the deep second-type doped region 27 is a P well, and the 



doped source region 28 is a source. Each drain corre- 
sponds to a P well, and thus, operation of adjacent source 
and flash memory cell structure will not be influenced 
even if the drain and the P well are electrically short- 
circuited together. 
[0008] Nevertheless, the drain and the P well are electrically 

short-circuited in the flash memory cell structure 2, thus 
the P well will have the same voltage potential as the drain 
when programming. Meanwhile, the adjacent flash mem- 
ory cell structure to be programmed (not shown) is given 
the same gate voltage potential as the flash memory cell 
structure 2, so an edge program disturb issue will occur. 
For avoiding the edge program disturb issue, the prior art 
thickens the tunnel oxide layer on the edge of the floating 
gate. However, it is not easy to control the thickness in 
the manufacturing process, and the reliability will be fur- 
ther reduced. Furthermore, the flash memory cell struc- 
ture adjacent to the flash memory cell structure 2 has 
leakage problems when the flash memory cell structure 2 
is programmed. Generally speaking, those skilled in the 
art apply a specific voltage, such as 2V, to the control gate 
of the adjacent flash memory cell structure to overcome 
the leakage problem during programming. If a negative 



voltage is not applied, the charging pumping will increase, 
which could further cause a malfunction of the flash 
memory cell structure. 
[0009] Therefore, a flash memory cell structure, which counters 
the edge program disturb issue, diminishes the over pro- 
gram problem, and reduces current leakage becomes de- 
sirable. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to provide a flash memory cell structure, which solves the 
edge program disturb issue and the over program prob- 
lem, and an operating method thereof. 

[0011] According to the claimed invention, the flash memory cell 
structure includes a substrate, a select gate, a first-type 
doped region, a shallow second-type doped region, a 
deep second-type doped region, and a doped source re- 
gion. The substrate has a stacked gate. The select gate is 
formed on the substrate and located on a side of the 
stacked gate. The first-type doped region, which serves as 
a drain, is formed in the substrate and adjacent to the se- 
lect gate. The shallow second-type doped region is 
formed on a side of the first-type doped region below the 
stacked gate. The deep second-type doped region, which 



serves as a well, is formed underneath the first-type 
doped region with one side bordering on the shallow sec- 
ond-type doped region. The doped source region, which 
serves as a source, is formed on a side of the shallow sec- 
ond-type doped region. 
[0012] Moreover, the claimed invention provides an operation 

method applied to the flash memory cell structure. In the 
claimed invention, when executing a programming pro- 
cess a high voltage is applied to the control gate, a volt- 
age relatively lower than the control gate voltage is ap- 
plied to the drain, the source is floating, and the select 
gate is grounded. When executing an erasing process, a 
low voltage is applied to the control gate, a voltage rela- 
tively higher than the control gate voltage is applied to the 
select gate, and the source and the drain are floating. 
When executing a reading process, a word line voltage is 
applied to the control gate, a voltage relatively lower than 
the word line voltage is applied to the source, the drain is 
grounded, and a power voltage is applied to the select 
gate. 

[0013] The flash memory cell structure of the claimed invention 
has a select gate. Further, a high voltage is applied to the 
select gate, instead of being applied to the drain as in the 



prior art, such that electrons located in the floating gate 
will move to the select gate. Therefore, the edge program 
disturb issue and the over program problems are effec- 
tively avoided. 

[0014] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after having read the following detailed description of 

the preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0015] pig.l is a schematic diagram illustrating a prior art flash 

memory cell structure. 
[0016] pig. 2 is a schematic diagram illustrating another prior art 

flash memory cell structure. 
[0017] pig. 3 is a schematic diagram illustrating a flash memory 

cell structure disclosed in US patent #6,091,644. 
[0018] Fig. 4 is a schematic diagram illustrating a flash memory 

cell structure according to a preferred embodiment of the 

present invention wherein the doped source region is not 

shown. 

[0019] Fig. 5 to Fig. 6 are schematic diagrams illustrating a flash 
memory cell structure according to another embodiment 
of the present invention wherein the doped source region 



is shown. 

[0020] pig. 7 is a schematic diagram illustrating a top view of a 
flash memory cell structure according to a preferred em- 
bodiment of the present invention. 

[0021] Fig.8A to Fig.8C are circuit diagrams of a flash memory 
cell structure according to the preferred embodiment of 
the present invention. 

[0022] Fig.9A to Fig.9C are circuit diagrams of a flash memory 

cell structure according to another preferred embodiment 
of the present invention. 

[0023] Fig.lOA to Fig. 10C are circuit diagrams of a flash memory 

cell structure according to another preferred embodiment 

of the present invention. 
Detailed Description 

[0024] please refer to Fig. 4, which is a schematic diagram illus- 
trating a flash memory cell structure 3 according to a pre- 
ferred embodiment of the present invention. As shown in 
Fig. 4, the flash memory cell structure 3 includes a sub- 
strate 30, a first-type doped region 35, a shallow second- 
type doped region 36, a deep second-type doped region 
37, and a select gate 38. 

[0025] | n this preferred embodiment, the substrate 30 includes a 
first field oxidation layer 31 and a stacked gate G. A 



channel stop 32 is formed underneath the first field oxi- 
dation layer 31, the stacked gate G further includes a con- 
trol gate 33 and a floating gate 34, and the select gate 38 
is formed on a side of the stacked gate G. 

[0026] The first-type doped region 35 is formed in the substrate 
30 and adjacent to the select gate 38 as a drain. The first- 
type doped region 35 can be an N type doped region in 
this embodiment. 

[0027] The shallow second-type doped region 36 is located un- 
derneath the stacked gate G and adjacent to the first-type 
doped region 35, wherein the shallow second-type doped 
region 36 is a P type shallow-doped region. 

[0028] The deep second-type doped region 37 is located around 
the first-type doped region 35 and adjacent to the shallow 
second-type doped region 36. The depth of the deep sec- 
ond-type doped region 37 is deeper than the depth of the 
shallow second-type doped region 36, and the deep sec- 
ond-type doped region 37 has the same doped ions as 
the shallow second-type doped region 36. The deep sec- 
ond-type doped region 37, which serves as a P well, is a P 
type deep-doped region. Generally speaking, the doped 
ions of the deep second-type doped region 37 and the 
shallow second-type doped region 36 are selected from 



the III A group, including elements such as boron. 

[0029] Additionally, the flash memory cell structure 3 further in- 
cludes a doped source region located on a side of the 
shallow second-type doped region 36 as a source. The 
doped source region is not limited to be located on the 
opposite side of the drain. Theoretically, the source of the 
flash memory cell structure can be at any proper location 
in the substrate 30. Refer to Fig. 5 and Fig. 6, which are 
used to illustrate the source structure but not to limit the 
present invention. 

[0030] As shown in Fig. 5, a flash memory cell structure 4 of an- 
other preferred embodiment further includes a doped 
source region 39, which serves as a source, located adja- 
cent to the shallow second-type doped region 36 and on 
the opposite side of the first-type doped region 35. In ad- 
dition, a shallow doped region 310 having the same 
doped ions as the doped source region 39 is formed un- 
derneath the doped source region 39, nevertheless the 
doped concentration of the shallow doped region 310 is 
lower. In this embodiment, the doped source region 39 
and the shallow doped region 310 are N type doped re- 
gions. 

[0031] As shown in Fig. 6, a flash memory cell structure 5 of an- 



other embodiment is similar to the flash memory cell 
structure 4. What is different is an LDD region 310" re- 
places the shallow doped region 310. Generally speaking, 
the doped ions of the first-type doped region 35, the 
doped source region 39, and the shallow doped region 
310 or the LDD region 310" are selected from the VA 
group, which includes elements such as phosphorous. 

[0032] As US patent #6,091,644 discloses, the deep second-type 
doped region 37, serving as the P well, and the first-type 
doped region 35, serving as the drain, are electrically 
short-circuited together by metal (not shown). In this em- 
bodiment, the metal makes the deep second-type doped 
region 37 and the first-type doped region 35 short-circuit 
together by penetrating the junction between the first- 
type doped region 35 and the deep second-type doped 
region 37, or by linking the exposed surface of the first- 
type doped region 35 and the deep second-type doped 
region 37 together. 

[0033] Refer to Fig. 7, which is a top view of the flash memory cell 
structure according to the preferred embodiment of the 
present invention. Since the source can be at any location 
in the substrate 30, the source is not shown in Fig. 7. As 
shown in Fig. 7, the flash memory cell structure includes a 



control gate 33 serving as a word line, a floating gate 34, 
a select gate 38 adjacent to the floating gate 34 and the 
control gate 33, and a first-type doped region 35 serving 
as a drain. A field oxidation layer 31 surrounds the active 
area of the flash memory cell structure. The first-type 
doped region 35 and the floating gate 34 are separated by 
the select gate 38. 

[0034] since the select gate 38 is formed between the floating 
gate 34 and the first-type doped region 35, the select 
gate 38 is used to shut off the channel for preventing cur- 
rent leakage, which results from over programming. 
Therefore, circuits for preventing the over program prob- 
lem are not necessary in the flash memory cell structure. 
Furthermore, the select gate 38 of the present invention 
can also prevent the edge program disturb issue. Refer to 
Fig.8A to Fig.8C, which are circuit diagrams illustrating an 
operating method of the flash memory cell structure in 
the preferred embodiment of the present invention. 

[0035] Fig.8A, Fig.8B, and Fig.8C respectively illustrate the pro- 
gramming, erasing, and reading process of a flash mem- 
ory cell structure 50. The flash memory cell structure 50 is 
a NOR type flash memory cell structure, such as the previ- 
ously described flash memory cell structure 3, 4, or 5. A 



word line voltage V wl is applied to the control gate, a se- 
lect gate voltage V is applied to the select gate, a source 

SG 

line voltage V sl is applied to the source, and a bit line 
voltage V gL is applied to the drain. In addition, the bit line 
voltage V bl and the P well of the flash memory cell struc- 
ture 50 are electrically short-circuited. 
[0036] As shown in Fig.8A, when executing a programming pro- 
cess, a high word line voltage V wl (such as 9 to 12V) is 
applied to the control gate, a bit line voltage V (such as 

BL 

9V) that is lower than the word line voltage V wl is applied 
to the drain, the source is floating, and the select gate is 
grounded. Meanwhile, electrons located in the drain move 
to the floating gate by the Fowler-Nordheim effect. 
[0037] As shown in Fig.8B, when executing an erasing process a 
low word line voltage V wl (such as 0V) is applied to the 
control gate, a select gate voltage V (such as 10 to 12V) 

SG 

that is higher than the word line voltage V wl is applied to 
the select gate, and the source and the drain are floating. 
The erasing process is performed by the floating gate and 
the select gate, which means the erasing action is per- 
formed in a poly-to-poly way. Moreover, the critical volt- 
age is negative in the erasing process since the flash 
memory cell structure 50 includes the select gate, and 



thus, current leakage resulting from over programming 
will not occur as in other flash memory cells. 
[0038] As shown in Fig.8C, when executing a reading process, a 
high word line voltage V wl (such as 1.8V) is applied to the 
control gate, a source line voltage V sl (such as 1.5V) that 
is lower than the word line voltage V wl is applied to the 
source, the drain is grounded, and a power voltage V 
(such as 3.3V) is applied to the select gate. During the 
reading process the sources of other flash memory cell 
structures are floating, which means other bit lines are 
floating. 

[0039] Those skilled in the art know that an EEPROM cell needs a 
select transistor, which enlarges the size of the memory 
cell. The select gate of the present invention plays the role 
of a select transistor, and thus the flash memory cell can 
be regarded as a micro EEPROM cell without a select tran- 
sistor. Please refer to Fig.9A to Fig.9C, which illustrate a 
byte programming and a byte erasing process according 
to another embodiment of the present invention. Thisem- 
bodiment differs from the preceding embodiment in that 
it operates in a byte-erasing way, rather than in a page- 
erasing way. 

[0040] As shown in Fig.9A, when executing a programming pro- 



cess, a high word line voltage V wl (such as 9 to 12V) is 
applied to the control gate, a source line voltage V sl (such 
as 6V) that is lower than the word line voltage V wl is ap- 
plied to the source, the drain is grounded, and a select 
gate voltage V (such as 1.5 to 2V) is applied to the se- 
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lect gate. 

[0041] As shown in Fig.9B, when executing an erasing process, a 
low word line voltage V wl (such as 9V) is applied to the 
control gate, a high voltage (such as 8V) is applied to the 
drain, the source is floating, and the select gate is 
grounded. 

[0042] As shown in Fig.9C, when executing a reading process, a 
word line voltage V wl (such as 3.3V) is applied to the con- 
trol gate, a source line voltage V sl (such as 1.5V) that is 
lower than the word line voltage V is applied to the 
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source, the drain is grounded, and a power voltage V cc 
(such as 3.3V) is applied to the select gate. 
[0043] Moreover, the flash memory cell structure of the present 
invention can be regarded as a BiNOR type memory cell, 
and an operating method thereof is shown in Fig.lOA to 
Fig. IOC. 

[0044] As shown in Fig.lOA, when executing a programming 
process, a low word line voltage V wl (such as 9V) is ap- 



plied to the control gate, a bit line voltage V (such as 6V) 
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that is higher than the word line voltage V wl is applied to 
the drain, the source is floating, and the select gate is 
grounded. 

[0045] As shown in Fig.lOB, when executing an erasing process, 
a word line voltage V wl (such as 10V) is applied to the 
control gate, a source line voltage V sl (such as 9V) that is 
lower than the word line voltage V wl is applied to the 
source, the drain is floating, and the select gate is 
grounded. 

[0046] As shown in Fig. 10C, when executing a reading process, a 
word line voltage V wl , such as a power voltage V cc (3.3V) 
is applied to the control gate, a source line voltage V sl 
(such as 1.5V) that is lower than the word line voltage V 
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is applied to the source, the drain is grounded, and a 
power voltage V (such as 3.3V) is applied to the select 
gate. 

[0047] | n summary, the flash memory cell structure includes a 
select gate installed between a floating gate and a first- 
type doped region, such that the over program state is al- 
lowed and the current leakage can be effectively avoided. 
Furthermore, in the operating method of the flash mem- 
ory cell structure of the present invention, a high voltage 



is applied to the select gate, such that electrons located in 
the floating gate will move to the select gate. That is to 
say, the flash memory cell structure is operated in a poly- 
to-poly way, and thus, the edge program disturb issue 
and the over program problem are effectively avoided. 
[0048] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



